Fibrinogen  Availability  and  Coagulation  Function  after 
Hemorrhage  and  Resuscitation  in  Pigs 

Wenjun  Z  Martini 

United  States  Army  Institute  of  Surgical  Research,  Fort  Sam  Houston,  Texas,  United  States  of  America 


Hemorrhagic  coagulopathy  (without  neurological  injuries)  constitutes  40%  of  injury-related  death  in  civilian  hospitals  and  on  the 
battlefield,  and  the  underlying  contributing  mechanisms  remain  unclear.  The  purpose  of  this  study  is  to  investigate  the  effects  of 
fibrinogen  availability  on  coagulation  function  after  hemorrhage  in  pigs.  Sixteen  crossbred  commercial  Yorkshire  swine  were  ran¬ 
domized  into  the  control  group  (group  C)  (n  =  8)  and  hemorrhage  group  (group  H)  (n  =  8).  Hemorrhage  was  induced  in  group  H 
by  bleeding  35%  of  the  estimated  total  blood  volume,  followed  by  resuscitation  with  lactated  Ringer  solution  at  three  times  the 
bled  volume.  Pigs  in  group  C  were  not  hemorrhaged  or  resuscitated.  Blood  samples  were  withdrawn  at  baseline,  15  min,  3  h,  6  h, 
and  24  h  after  hemorrhage  and  lactated  Ringer  (LR)  resuscitation  (H-LR).  Coagulation  was  assessed  by  using  thrombelastogra- 
phy.  All  baseline  measurements  were  similar  between  groups  C  and  H.  Hemorrhage  caused  a  decrease  in  mean  arterial  pressure 
and  an  increase  in  heart  rate  in  group  H,  but  LR  resuscitation  corrected  these  changes  within  1  h.  Compared  to  baseline  values, 
fibrinogen  concentrations  in  group  H  decreased  at  15  min,  3  h  and  6  h  after  H-LR,  but  increased  to  double  that  of  the  baseline 
value  at  24  h;  platelet  counts  decreased  throughout  the  study;  clot  strength  was  decreased  at  1 5  min,  3  h  and  6  h,  but  returned 
to  baseline  value  at  24  h  after  H-LR.  Hemorrhage  caused  decreases  in  fibrinogen  and  platelets,  and  compromised  clot  strength. 
The  rebound  of  fibrinogen  at  24  h  restored  clot  strength  despite  platelet  deficit.  These  data  suggest  the  potential  compensatory 
role  of  fibrinogen  in  restoring  coagulation  function  in  vivo  after  hemorrhagic  shock. 
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INTRODUCTION 

Normal  hemostasis  involves  complex 
interactions  of  fibrinogen,  platelets,  coag¬ 
ulation  factors  and  enzymes.  The  interac¬ 
tions  include  the  initiation  of  thrombin 
generation  by  the  activation  of  FVIIa/TF 
complex  and  FXa,  the  propagation  of 
thrombin  generation  from  the  production 
of  prothrombinase  complex  on  the  sur¬ 
face  of  activated  platelets,  fibrin  forma¬ 
tion  and  stabilization  from  fibrinogen  by 
thrombin  and  FXIII,  and  fibrinolysis 
(1,2).  Following  trauma  injury  and  blood 
loss,  all  components  involved  in  the  co¬ 
agulation  process  are  depleted  and  fur¬ 
ther  diluted  by  resuscitation  of  crystal¬ 
loid  or  colloid  fluids.  Consequently, 
hemostatic  function  is  compromised  and 
different  approaches  have  been  explored 


to  restore  coagulation  function.  In  the 
United  States,  blood  products,  such  as 
platelet  concentrates,  cryoprecipitate,  or 
fresh  frozen  plasma  have  been  used  in 
patients  with  bleeding  complications 
(3,4).  To  observe  the  effects  of  fibrinogen 
on  survival,  Stinger  et  al.  performed  a 
retrospective  analysis  in  massive  trans¬ 
fused  trauma  patients  at  a  United  States 
Army  combat  support  hospital  and  re¬ 
ported  that  the  amount  of  fibrinogen  ad¬ 
ministered  from  transfused  blood  prod¬ 
ucts  correlates  with  survival  (5).  The 
mortality  rates  in  patients  receiving  high 
amounts  of  fibrinogen  (^0.2  g  from  trans¬ 
fused  blood  products  per  unit  red  blood 
cells)  and  low  amounts  of  fibrinogen 
(<0.2  g)  were  24%  and  52%,  respectively 
(P  <  0.001)  (5).  In  central  Europe,  fibrino¬ 


gen  concentrates  and  prothrombin  com¬ 
plex  concentrate  (PCC)  have  been  used 
to  treat  acquired  bleeding  complications 
in  surgical  and  trauma  patients  with  suc¬ 
cess  (6-10).  Although  the  beneficial  ef¬ 
fects  of  fibrinogen  on  clotting  function 
are  indicated  in  recent  literature,  the  role 
of  fibrinogen  on  coagulation  function  in 
a  trauma  setting,  such  as  hemorrhage 
and  resuscitation,  remains  to  be  clarified. 

Evaluation  of  hemostasis  restoration 
requires  a  valid  and  comprehensive  as¬ 
sessment  of  coagulation  function.  Nor¬ 
mal  coagulation  assays,  such  as  pro¬ 
thrombin  time  (PT)  and  activated  partial 
thromboplastin  time  (aPTT),  are  per¬ 
formed  in  plasma,  and,  therefore,  can¬ 
not  reflect  the  interaction  of  platelet  and 
fibrinogen.  Activated  clotting  time 
(ACT)  is  performed  in  whole  blood, 
however,  it  only  detects  the  clotting 
times.  Thromboelastography  (TEG) 
(Hemoscope,  Niles,  IL,  USA)  and  rota¬ 
tional  thromboelastometry  (ROTEM) 
(Pentapharm  GmbH,  Munich,  Germany) 
have  been  recognized  as  global  assess- 
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FIBRINOGEN’S  COMPENSATORY  ROLE  IN  HEMORRHAGED  PIGS 


merits  of  coagulation  function  owing  to 
their  being  able  to  track  clot  initiation, 
clot  growth,  platelet  activation  and  fibri¬ 
nolysis  in  whole  blood  (11-13).  The  im¬ 
portance  of  thrombelastography  meas¬ 
urements  in  treating  trauma  patients 
has  been  described  by  Plotkin  et  al.  (14). 
In  patients  with  penetration  injuries, 
Plotkin  et  al.  have  shown  that  reduced 
clot  formation  rate  and  clot  strength  by 
ROTEM  are  indicative  of  transfusion  re¬ 
quirements  (14). 

The  purpose  of  this  study  was  to  inves¬ 
tigate  changes  of  endogenous  fibrinogen 
availability  in  relation  to  changes  of  coag¬ 
ulation  function  after  hemorrhagic  shock 
and  resuscitation  in  a  swine  model.  Hem¬ 
orrhagic  shock  was  induced  by  bleeding 
35%  of  total  estimated  blood  volume,  fol¬ 
lowed  by  lactated  Ringer  (LR)  resuscita¬ 
tion  fluids  in  pigs.  Changes  of  endoge¬ 
nous  fibrinogen  availability  were 
assessed  at  baseline,  15  minutes,  3  hours, 
6  hours  and  24  hours  after  hemorrhage 
and  resuscitation.  Corresponding 
changes  in  coagulation  were  evaluated  by 
using  PT,  aPTT  and  TEG  measurements. 

MATERIALS  AND  METHODS 

This  study  was  approved  by  the  Insti¬ 
tutional  Animal  Care  and  Use  Commit¬ 
tee  of  the  United  States  Army  Institute  of 
Surgical  Research  and  has  been  con¬ 
ducted  in  compliance  with  the  Animal 
Welfare  Act,  the  implementing  Animal 
Welfare  Regulations  and  in  accordance 
with  the  principles  of  the  Guide  for  the 
Care  and  Use  of  Laboratory  Animals. 

Animal  Groups  and  Surgical 
Procedures 

A  total  of  16  crossbred  commercial 
Yorkshire  swine  (39  ±  1  kg)  were  ran¬ 
domized  into  two  groups:  the  sham  con¬ 
trol  group  (group  C)  (n  =  8)  and  the 
hemorrhage  and  LR  resuscitation  (H-LR) 
(group  H,  n  =  8).  After  an  overnight  fast, 
the  animals  were  pre-anesthetized  with 
glycopyrrolate  (0.1  mg/kg)  and  Telazol 
(6mg/kg)  and  intubated  by  1.0-1. 5% 
isoflurane  in  100%  oxygen  by  mask  for 
the  surgical  procedures.  Polyvinyl  chlo¬ 
ride  catheters  were  inserted  into  the  tho¬ 


racic  aorta  via  the  carotid  artery  to  mea¬ 
sure  mean  arterial  pressures,  heart  rates 
and  temperatures.  The  right  femoral  ar¬ 
tery  was  cannulated  for  arterial  blood 
sampling  and  the  left  femoral  artery  for 
induction  of  bleeding.  The  left  femoral 
vein  was  cannulated  for  resuscitation  of 
LR  solution.  The  right  femoral  vein  was 
cannulated  for  intravenous  (i.v.)  anesthe¬ 
sia  of  ketamine  during  the  study. 

Animal  Experimental  Protocol 

Upon  completion  of  catheter  cannula- 
tion,  anesthesia  was  switched  to  a  combi¬ 
nation  of  isoflurane  (0.5  %)  and  continu¬ 
ous  i.v.  drip  of  ketamine  (0.15  mL/kg/h 
of  100  mg/mL)  in  all  pigs  for  the  re¬ 
mainder  of  the  study  period.  After  a  10- 
min  stabilization  period,  mean  arterial 
pressure  and  heart  rate  were  recorded 
and  blood  samples  were  taken  for  base¬ 
line  measurements  (baseline  samples). 
Hemorrhagic  shock  was  then  induced  in 
the  hemorrhage  group  by  bleeding  ap¬ 
proximately  35%  of  the  estimated  total 
blood  volume  (24.5  ±  0.1  mL/kg)  over 
about  a  30-min  period  from  the  left 
femoral  artery  to  a  preweighed  canister 
on  a  balance.  The  rate  of  bleeding  was 
controlled  by  adjusting  the  clamp  on  the 
left  femoral  artery  catheter  to  maintain 
mean  arterial  pressure  above  40  mmHg. 
Afterward,  the  pigs  were  resuscitated 
with  LR  solution  at  approximately  three 
times  the  bled  volume  over  approxi¬ 
mately  30  min.  Pigs  in  the  control  group 
were  not  bled  or  resuscitated.  After  15- 
min  stabilization  after  the  resuscitation, 
mean  arterial  pressure  and  heart  rate 
were  recorded  and  blood  samples  were 
taken  for  coagulation  measurements 
(15-min  samples).  The  same  measure¬ 
ments  were  made  at  3  h  and  6  h  after 
hemorrhage  and  resuscitation  (3-h  and 
6-h  samples).  Afterward,  all  catheters  in¬ 
serted  during  the  surgery  procedures 
were  taped  securely  on  the  backs  of  the 
pigs.  They  were  then  allowed  to  awaken 
and  were  transferred  to  an  environmen¬ 
tally  controlled  room.  They  stayed  in  ap¬ 
propriately  sized  runs  or  pens  within  the 
vivarium.  During  the  night,  the  pigs 
were  fed  with  laboratory-grade  commer¬ 


cial  swine  feed  by  trained  animal  care 
staff.  Water  was  provided  ad  libitum  to 
all  animals  via  an  automated  water  de¬ 
livery  system. 

On  the  next  morning  (24  h  after  hemor¬ 
rhage  and  resuscitation),  the  pigs  were 
tranquilized  with  diazepam  (0.5  mg/kg 
intramuscular  [IM])  before  being  trans¬ 
ferred  to  the  study  room.  All  catheters 
were  untied  and  connected  to  instru¬ 
ments  or  flushed  for  blood  withdrawal. 
After  15-min  stabilization,  mean  arterial 
pressure  and  heart  rate  were  recorded, 
and  blood  samples  were  taken  for  coagu¬ 
lation  measurements  (24-h  samples). 
Upon  the  completion  of  the  study,  the 
pigs  were  euthanized  with  sodium  pento¬ 
barbital  (FatalPlus,  Fort  Dodge,  IA,  USA) 
given  intravenously  by  veterinary  staff. 

Analytical  Methods 

Platelet  counts  were  measured  from 
citrated  blood  by  using  an  ABX  Pentra 
120  Hematology  Analyzer  (ABX  Diag¬ 
nostics  Inc.,  Irvine,  CA,  USA).  Blood  gas 
measurements  (lactate)  were  determined 
by  the  Omni-9  Blood  Gas  Analyzer  (AVL, 
Montpellier,  France).  Blood  chemistries 
(total  protein  and  albumin)  were  mea¬ 
sured  by  the  Dimension  Clinical  Chem¬ 
istry  System  (Dade  Behring,  Newark, 

DE,  USA).  Plasma  fibrinogen  concentra¬ 
tion,  PT,  aPTT  and  coagulation  factors 
were  measured  with  the  blood  coagula¬ 
tion  system  (BCS)  (Dade  Behring,  Deer¬ 
field,  IL,  USA).  TEG  (TEG  5000  Hemosta¬ 
sis  Analyzer,  Haemoscope  Corp,  Niles, 

IL,  USA)  was  performed  by  using  blood 
samples  taken  at  baseline,  15  min,  3  h, 

6  h  and  24  h  after  hemorrhage  and 
resuscitation. 

Statistical  Analysis 

Data  were  expressed  as  mean  ±  SEM 
and  analyzed  by  using  SAS  statistical 
software.  In  each  group,  comparisons 
were  made  in  all  measurements  on  a  pre- 
or  postbasis  by  using  one-way  analysis 
of  variance  (ANOVA).  Between-group 
comparisons  were  made  with  appropri¬ 
ate  adjustments  for  multiplicity  by  using 
Tukey  adjustment.  The  statistically  sig¬ 
nificant  level  was  set  at  P  <  0.05. 
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RESULTS 

All  animals  from  both  groups  survived 
to  the  end  of  the  study  (24  h  after  H-LR). 
Baseline  measurements  were  similar  be¬ 
tween  group  C  and  group  H.  There  were 
no  significant  changes  in  hemodynamics 
or  coagulation  function  observed  in 
group  C  during  the  study  period. 


Similarly,  the  initial  clotting  time  (R  time) 
did  not  change  from  the  baseline  values 
(3.1  ±  0.2  min)  at  15  min,  3  h  and  6  h 
after  H-LR,  but  was  prolonged  to  4.6  ± 
0.2  min  at  24  h  after  H-LR  (P  <  0.05). 

There  were  no  significant  changes  in 
PT  or  aPTT  observed  in  any  group  dur¬ 
ing  the  study. 


Hemodynamic  Measures 

In  group  H,  mean  arterial  pressure 
was  decreased  immediately  by  hemor¬ 
rhage  from  the  baseline  value  of  95  ± 

4  mmHg  to  53  ±  4  mmHg  (P  <  0.05),  but 
returned  to  baseline  values  within  1  h 
following  LR  resuscitation.  Cardiac  out¬ 
put  was  decreased  from  baseline  value 
of  3.8  ±  0.3  L/min  to  2.9  ±  0.4  L/min 
(P  <  0.05),  but  returned  to  baseline  val¬ 
ues  after  resuscitation.  There  were  no 
significant  changes  in  mean  arterial 
pressure  or  cardiac  output  during  the  re¬ 
mainder  of  study. 

Hematocrit  (Hct)  was  decreased  by 
H-LR  from  the  baseline  value  of  28  ±  1% 
to  20  ±  1%,  and  remained  at  the  decreased 
value  during  the  remainder  of  the  study. 
Lactate  level  was  increased  by  hemor¬ 
rhage  from  the  baseline  value  of  1.8  ± 

0.1  mmol/L  to  2.4  ±  0.2  mmol/L  (P  <  0.05) 
and  returned  to  1.7  ±  0.2  mmol/L  follow¬ 
ing  LR  resuscitation.  There  were  no  sig¬ 
nificant  changes  of  lactate  subsequently. 

Fibrinogen  Concentrations,  Platelet 
Counts  and  Coagulation  Factor  Levels 

Plasma  fibrinogen  concentration  was 
decreased  at  15  min,  3  h  and  6  h  after 
H-LR  (Figure  1).  However,  at  24  h  after 
H-LR,  fibrinogen  concentration  in¬ 
creased  to  double  that  of  the  baseline 
values  (see  Figure  1).  Platelet  count  was 
decreased  at  15  min,  3  h,  6  h  and  24  h 
after  H-LR  (see  Figure  1).  H-LR  caused 
30%  to  65%  decreases  in  coagulation  fac¬ 
tor  II,  V,  VII,  VIII,  IX,  X,  XI,  XII  and  XIII 
at  15  min  after  H-LR,  and  the  decreases 
remained  at  6  h  and  24  h  (Table  1). 

Coagulation  Functional  Assessments 

There  were  no  significant  changes  ob¬ 
served  in  any  coagulation  measurement 
in  group  C  during  the  study.  In  group  H, 


Figure  1 .  Changes  in  fibrinogen,  platelet 
counts  and  clot  strength  following  H-LR  in 
pigs.  Data  represent  mean  ±  SEM.  *  P  < 
0.05  compared  with  corresponding  base¬ 
line  values. 


clot  strength  (maximum  amplitude)  was 
decreased  at  15  min,  3  h  and  6  h  after 
H-LR,  but  returned  to  baseline  value  at 
24  h  after  H-LR  (see  Figure  1).  Clot  ra¬ 
pidity  (angle,  a)  did  not  change  from  the 
baseline  values  (76  ±  1°)  at  15  min,  3  h 
and  6  h  after  H-LR,  but  was  decreased  to 
68  ±  1°  at  24  h  after  H-LR  (P  <  0.05). 


DISCUSSION 

Using  a  swine  model,  this  study  inves¬ 
tigated  changes  of  fibrinogen  in  relation 
to  changes  of  coagulation  function.  A  35% 
blood  loss  and  LR  resuscitation  decreased 
fibrinogen,  platelet  and  coagulation  fac¬ 
tors.  Consequently,  hemostatic  function 
was  compromised.  Twenty-four  hours 
after  H-LR,  fibrinogen  concentration  was 
increased,  but  platelet  counts  and  coagu¬ 
lation  factors  remained  depleted.  The  in¬ 
crease  of  fibrinogen  returned  clot 
strength  to  its  baseline  value,  despite  the 
deficits  of  platelet  counts  and  other  coag¬ 
ulation  factors.  Thus,  compromised  clot 
strength  by  H-LR  was  corrected  with  the 
elevation  of  fibrinogen  content.  This  find¬ 
ing  suggests  the  potential  role  of  fibrino¬ 
gen  to  restore  coagulation  function  under 
bleeding  complications. 

TEG  has  been  used  to  assess  and  mon¬ 
itor  coagulation  status.  In  TEG  or 
ROTEM  measurements,  clot  strength 
(maximum  amplitude  in  TEG,  maximum 
clot  firmness  in  ROTEM)  has  been 
demonstrated  as  an  indicator  of  clotting 
status  with  sensitivity  and  specificity  and 
as  a  predictor  of  blood  loss  and  transfu¬ 
sion  requirements  (12,14).  Clinical  stud- 


Table  1 .  Changes  of  coagulation  factors  following  H-LR. 


Coagulation  factors 

15  min  after  H-LR,  % 

6  h  after  H-LR,% 

24  h  after  H-LR,  % 

II 

58  ±2 

67  ±3 

70  ±  1 

V 

65  ±  11 

69  ±5 

70  ±5 

VII 

59  ±3 

57  ±3 

65  ±5 

VIII 

51  ±  12 

66  ±  11 

75  ±  13 

IX 

41  ±5 

54  ±6 

62  ±3 

X 

60  ±7 

62  ±6 

64  ±  7 

XI 

33  ±6 

37  ±5 

43  ±7 

XII 

53  ±9 

64  ±7 

62  ±8 

XIII 

65  ±5 

70  ±4 

68  ±7 

Data  are  expressed  as  percentages  of  the  corresponding  baseline  values  in  the 
hemorrhage  group.  P<  0.05  compared  with  the  corresponding  baseline  values. 
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ies  have  shown  that  changes  in  clot 
strength  can  be  used  to  guide  blood 
product  administration  and  to  reduce  the 
usage  of  blood  products  (15,16).  In  this 
study,  we  observed  a  parallel  changing 
pattern  between  fibrinogen  concentration 
and  clot  strength  in  this  study.  When  fib¬ 
rinogen  concentration  was  depleted  at  15 
minutes,  3  hours  and  6  hours  after  hem¬ 
orrhage  and  resuscitation,  clot  strength 
was  similarly  compromised  at  these  time 
points.  When  fibrinogen  concentration 
was  increased  at  24  hours  after  H-LR, 
clot  strength  was  recovered  to  its  base¬ 
line  values  at  the  same  time,  even 
though  platelet  counts  and  other  coagu¬ 
lation  components  were  still  at  decreased 
levels.  It  is  clear  that  the  increase  of  fib¬ 
rinogen  levels  can  compensate  for  the 
deficit  of  platelet  and  restore  coagulation 
function  in  vivo.  It  is  worth  mentioning 
that  although  fibrinogen  concentration 
was  increased  to  double  its  baseline 
value,  clot  strength  returned  only  to  its 
baseline  value.  The  lack  of  increase  of 
clot  strength  above  baseline  is  likely  due 
to  the  decreased  levels  of  platelet  counts 
and  other  coagulation  factors.  Neverthe¬ 
less,  the  fact  that  high  fibrinogen  levels 
did  not  cause  an  overshot  of  clot  strength 
reflects  a  possible  safe  mechanism  to  pre¬ 
vent  hypercoagulation  from  high  fibrino¬ 
gen  levels. 

In  addition  to  forming  clots,  fibrino¬ 
gen  plays  an  important  role  in  platelet 
activation  and  aggregation  by  binding  to 
the  platelet  glycoprotein  receptor 
GPIIb/IIa.  The  compensatory  role  of  fib¬ 
rinogen  under  low  platelet  counts 
(thrombocytopenia)  has  been  suggested 
by  in  vitro  experimental  data.  Li  et  al. 
have  shown  that  the  effect  of  platelet¬ 
blocking  substances  can  be  antagonized 
by  increasing  fibrinogen  concentrations 
(17).  When  fibrinogen  was  added  to 
plasma  samples  with  different  platelet 
counts  (10  x  103/mm3,  50  x  103/mm3 
and  100  x  103/mm3),  Lang  et  al.  (18)  re¬ 
ported  that  clot  strength  increased  as  fib¬ 
rinogen  levels  increased  at  all  three  lev¬ 
els  of  platelet  counts.  In  addition,  in 
samples  with  the  same  platelet  counts 
but  different  fibrinogen  levels,  the  con¬ 


tribution  of  platelets  to  clot  strength  was 
increased  in  a  fibrinogen-dependent  pat¬ 
tern  (18).  These  in  vitro  findings  have 
been  confirmed  by  findings  from  animal 
studies.  In  pigs  with  induced  thrombo¬ 
cytopenia  (platelet  counts  <30  x  103/  mm3), 
Velik-Salchner  et  al.  (19)  reported  that 
fibrinogen  supplementation  improved 
clot  firmness  by  ROTEM  and  reduced 
blood  loss  after  liver  injury.  Consistently, 
fibrinogen's  compensatory  role  follow¬ 
ing  H-LR  has  been  shown  in  the  pres¬ 
ent  pig  study.  Further,  in  addition  to 
platelet  counts,  H-LR  in  this  study 
caused  decreases  of  coagulation  factors. 
Platelet  counts  and  coagulation  factors 
(except  fibrinogen)  remained  depleted  at 
24  hours  after  H-LR.  However,  the  in¬ 
crease  of  fibrinogen  alone  at  24  hours  re¬ 
stored  clot  strength  to  the  baseline  value. 
Thus,  the  compensatory  role  of  fibrino¬ 
gen  is  present  not  only  in  depleted 
platelet  counts,  but  also  in  depleted  co¬ 
agulation  factors  and  platelet  counts. 

The  benefit  of  high  fibrinogen  levels 
has  been  shown  in  clinical  observations. 
In  obstetric  patients,  fibrinogen  concen¬ 
tration  usually  increases  by  50%  to  250% 
(13).  This  elevation  is  believed  to  be  ben¬ 
eficial  in  limiting  blood  loss  during  de¬ 
livery,  because  failure  to  increase  fibrino¬ 
gen  concentration  is  associated  with 
severe  bleeding  (20).  On  the  other  hand, 
low  fibrinogen  level  at  admission  was 
found  to  be  the  only  marker  associated 
with  the  occurrence  of  severe  postpar¬ 
tum  hemorrhage  (20).  A  fibrinogen  level 
of  less  than  200  mg/ dL  has  a  100%  posi¬ 
tive  predictive  value  of  postpartum 
hemorrhage  (20).  Thus,  the  increase  of 
fibrinogen  availability  in  pregnant 
women  appears  to  be  essential  to  pre¬ 
vent  bleeding  complications  during 
delivery. 

The  elevation  of  fibrinogen  concentra¬ 
tion  in  this  study  was  possibly  due  to  the 
acute  phase  response  from  H-LR.  As  an 
acute  phase  protein,  fibrinogen  is  com¬ 
monly  observed  to  increase  under 
stressed  situations  (21-23).  Metabolic 
changes  from  trauma  injury  or  stress  are 
generalized  by  an  increase  in  whole 
body  protein  turnover  rate,  with  a  net 


loss  of  host  body  protein  (21-23).  Specifi¬ 
cally,  there  is  an  increase  of  amino  acid 
release  from  the  muscle  and  an  increase 
of  amino  acid  uptake  in  the  splenic  bed 
(22).  This  shift  of  amino  acid  sources 
from  muscle  to  the  liver  is  hypothesized 
to  be  beneficial  because  it  facilitates  the 
liver's  synthesis  of  proteins,  which  are 
critical  for  survival  (24).  From  a  coagula¬ 
tion  perspective,  the  increase  of  fibrino¬ 
gen  concentration  restored  coagulation 
as  demonstrated  in  this  study,  even 
when  platelets  and  other  components  re¬ 
mained  at  the  depleted  levels.  The  spe¬ 
cific  mechanisms  contributing  to  the  ele¬ 
vation  of  fibrinogen  concentrations 
remain  to  be  discovered.  Nevertheless, 
the  quick  increase  of  fibrinogen  in  the 
absence  of  recovery  in  platelet  counts  or 
other  coagulation  factors  reveals  the  im¬ 
portance  and  priority  of  increasing  fib¬ 
rinogen  after  insults. 

Although  both  platelets  and  fibrinogen 
are  important  to  the  coagulation  process, 
the  individual  contribution  of  platelets 
and  fibrinogen  to  coagulation  appears  to 
be  different.  When  platelet  function  was 
blocked  in  blood  samples  taken  from 
pregnant  women,  clot  strength  was 
found  to  increase  linearly  with  the  in¬ 
crease  of  fibrinogen  (13).  However,  at 
certain  levels  of  fibrinogen,  no  correla¬ 
tion  was  found  between  platelet  counts 
and  platelet  contribution  to  clot  strength 
(13).  Thus,  the  compensatory  role  ap¬ 
pears  to  be  from  fibrinogen  to  platelet, 
not  from  platelet  to  fibrinogen. 

In  this  study,  clot  rapidity  did  not 
change  at  15  minutes,  3  hours  or  6  hours 
after  H-LR,  but  was  decreased  at 
24  hours  after  H-LR.  Similarly,  clotting 
initiation  did  not  change  at  15  minutes, 

3  hours  or  6  hours,  but  was  prolonged  at 
24  hours  after  H-LR.  The  decrease  of 
clot  rapidity  or  increase  of  clotting  initia¬ 
tion  is  not  likely  due  to  hemodilution, 
because  Hct  remained  unchanged  dur¬ 
ing  3  hours,  6  hours  and  24  hours  after 
H-LR.  These  changes  may  possibly  re¬ 
sult  from  an  unbalanced  dynamic  pro¬ 
cess  of  clot  formation  and  fibrinolysis. 
Further  investigation  will  provide  defin¬ 
itive  answers. 
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CONCLUSION 

To  summarize,  this  study  investigated 
the  contribution  of  endogenous  fibrino¬ 
gen  availability  to  coagulation  function 
following  H-LR  in  a  swine  model.  H-LR 
caused  depletions  of  fibrinogen,  platelet 
counts  and  coagulation  factors  and  com¬ 
promised  the  coagulation  process.  The 
increase  of  fibrinogen  at  24  hours  after 
H-LR  was  associated  with  the  restora¬ 
tion  of  clot  strength,  despite  the  deficit  of 
platelets  and  other  coagulation  compo¬ 
nents.  These  findings  support  the  notion 
of  acutely  administering  fibrinogen  to  re¬ 
store  coagulation  function  in  bleeding 
complications. 
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